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Glucose&phosphate dehydrogenase (G6PD; EC 
1 .l .1.49) catalyses the initial reaction of the pentose 
phosphate pathway, and thus its function is necessary 
in maintaining the level of the reduced coenzyme 
NADPH in various tissues. Human G6PD exhibits pol- 
ymorphism, the structural gene being on the X-chro- 
mosome [ 11. The variant forms differ from the nor- 
mal enzyme in electrophoretic mobility or in catalytic 
activity [2,3]. While deficiencies in function do not 
appear to affect other tissues, most variants with low 
activity are associated with haemolytic anaemias, ei- 
ther chronic or induced by administration of drugs or 
ingestion of toxic substances. In the red blood cell, 
NADPH is used to reduce glutathione [4], which is 
required to preserve sulphydryl groups and so keep 
the cell intact. 
On the basis of kinetic measurements, it has been 
suggested that catalysis by G6PD in the red cell and 
in other tissues may be subject to metabolic control 
[S-l 01. In studying this possibility, or the extent of 
such control, it is necessary to know the molecular 
size and number of subunits of the enzyme. 
Previous molecular weight measurements of the 
normal erythrocyte enzyme, termed Gd(+) B [2], 
varied between 105,000 [ 1 l] and 240,000 [ 121. 
Yoshida concluded from the molecular weight in 4 M 
guanidium chloride that the enzyme contains 6 sub- 
units [ 123, and from the number of tryptic peptides 
that the subunits were identical [ 131. 
In the present investigation of the enzyme, the 
sedimentation coefficient was found to vary with the 
solvent conditions. The data also indicate that more 
than one dissociation equilibrium was occurring. It is 
necessary to separate these equilibria to establish the 
molecular size and subunit content of the protein. 
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Table 1 
Effect of ionic strength and pH on the dissociation of glucose- 
6-phosphate dehydrogenase. 
Buffer S20,w Mw Mz 
Acetate pH 6.0 IO.005 * 9.9 238,000 245,000 
Acetate pH 6.0 IO.05 ** 9.8 208,000 207,000 
Acetate pH 6.0 IO.05 ** 
NaC10.5 M 9.0 114,000 120,000 
Acetate pH 6.0 IO.05 ** 
NaCl2 M 5.9 152,000 170,000 
Phosphate pH 8.4 IO.10 * 7.1 
Tris-HCl pH 8.7 10.005 :!- 
NaClO.1 M 6.7 
Buffers indicated * contained 0.1 mM EDTA and ** 1 mM 
EDTA. All buffers were 10 PM in NADP, and 0.1% (v/v) in 
mercaptoethanol. Experiments were perfomed at loo, with 
protein concentration approximately 2.5 mg/ml. Correction 
factors for S~O,~ were calculated from International Critical 
Tables. From ref. [ 121, a value of 0.73 1 was used for V. 
The enzyme GD(+) B was purified (Cohen and 
Rosemeyer, unpublished work) until it was homoge- 
neous as judged by starch gel electrophoresis and ul- 
tracentrifugation. The specific activity was 180 units/ 
mg, in agreement with the value previously reported 
for a homogeneous preparation [ 121. 
At pH 6, the sedimentation coefficient (table 1) in 
0.005 I acetate buffer, was 9.9 S, which is near the 
value reported by Yoshida (10.0 S) [ 121. There was a 
gradual decrease in S~O,~ on addition of sodium chlo- 
ride up to 0.5 M, followed by a steeper decrease on 
raising the NaCl concentration to 2 M (fig. 1). The bi- 
phasic character of the salt dependence suggests that 
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Fig. 1. Sedimentation coefficient (0) and weight-average mo- 
lecular weight (0) of glucosed-phosphate dehydrogenase. Ex- 
periments were at pH 6 and 1OoC. 
successive dissociation processes were occurring. It al- 
so suggests that a discrete species was present near the 
point at which the slope of the curve alters sharply 
(approximately 0.5 M NaCl), and that the protein in 
2 M NaCl was approaching another discrete species. 
Molecular weights determined according to the 
method of Van Holde and Baldwin [ 141 are given in 
table 1. It will be seen that the molecular weight in 
0.5 M NaCl was near 210,000. If this value corre- 
sponds to a discrete molecular species, the higher 
values at low salt concentration reflect aggregation, 
while the lower molecular weights in high salt indi- 
cate dissociation of this molecular entity. 
For an equilibrium involving two molecular species, 
the values observed for Mw and Mz are related by the 
following equation [ 1.5 ] : 
Mz = (MI +M2) -MvW M$ , 
where Ml and M2 are the molecular weights of the 
species concerned in the equilibrium. A plot of M, 
against the reciprocal of Mw should give a straight 
line, and from the intercept and the slope the values 
of MI and M2 may be obtained. The results for G6PD 
in sodium chloride concentrations between 0.5 and 
2 M obeyed this relation and gave 210,000 and 
105,000 for the molecular species involved in the 
equilibrium. Therefore, in this range, a molecule of 
2 10,000 molecular weight dissociates to the half-mol- 
ecule. 
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The above experiments show that in 2 M NaCl, disso- 
ciation to the half-molecule is incomplete. To test the 
possibility of dissociation beyond the half-molecule, 
the protein may be examined in denaturing solvents, 
or alternatively treated with reagents which promote 
dissociation. The latter approach has the advantage 
of allowing the treated material to be studied in sol- 
vent conditions similar to those used for the native 
enzyme. Accordingly, G6PD was allowed to react with 
an excess of maleic anhydride, which introduces maleA 
yl groups at the lysine residues [ 161. In phosphate 
buffer pH 7.0 I 0.1, the substituted protein had an 
S~O,~ value of 3.4 S compared with 9.3 S for the na- 
tive enzyme in the same solvent. The treated material 
had an Mw of 55,000 and Mz of 56,000, indicating 
that the preparation was homogeneous. From the ly- 
sine content [ 121, it is possible to allow for the in- 
crease in the molecular weight caused by the substi- 
tuents. The corrected molecular weight for the protein 
subunit was 53,000 + 500. The molecule of 210,000 
contains 4.0 such subunits. Gel electrophoresis 
showed one band for the reacted material, suggesting 
that the subunits were either identical or very similar 
to each other. 
Therefore, at pH 6 in salt concentration near 0.5 M, 
the enzyme is a tetramer of molecular weight 
210,000. In high salt concentration, it dissociates to a 
dimer. On the other hand, in salt concentrations be- 
low 0.5 M, aggregates higher than the tetramer are ob- 
served. 
The above results at pH 6 and varying salt concen- 
tration indicate the size of the enzyme, its subunit 
content, and the dissociation equilibria which occur. 
Preliminary experiments showed that the dissociation 
of the protein also varies with pH, the molecular 
weight observed decreasing with increasing pH (table 
1). This would explain why a molecular weight of 
105,000 was obtained for the protein in low concen- 
tration at a pH of 8 [ Ill. Under these conditions, the 
protein approaches the dimer (table 1). 
Another way of dissociating the enzyme is by re- 
moval of NADP, as indicated by formation of hybrid 
proteins using suitable G6PD enzymes [ 171. Hybridi- 
sation of two variant& Gd(+) A and Gd(-) Seattle, pro- 
duced by removal and re-addition of NADP, was dem- 
onstrated by starch gel electrophoresis at pH 8.5 [ 181. 
Since the native enzyme approaches the dimer at this 
pH, the formation of hybrids indicates that there was 
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further dissociation to the monomer on removal of 
NADP. The occurrence of one hybrid zone in several 
such experiments [ 17,181 suggested that each human 
variant was composed of identical subunits [ 181. 
A molecular weight of 227,000 and sedimentation 
coefficient of 9.0 S was found [ 191 for the variant, 
Gd(+) A, common among American Negroes. This 
variant was also thought to contain 6 subunits [ 191. 
The experiments were performed in low salt concen- 
tration at pH 6. Thus, the S~O,~ value was lower than 
that of the normal protein in the same solvent, but 
equal to that of the normal protein in 0.5 M NaCl (ta- 
ble 1). Hence it could correspond to the tetrameric 
species, which would imply that in the variant, fur- 
ther associations of the tetramer in low salt do not oc- 
cur. This suggests that some variants may differ from 
the normal protein in size owing to dissimilar associa- 
tion properties. Thus differences in dissociation may 
distinguish variants, besides the usually observed char- 
acteristics of electrophoretic mobility or catalytic 
function. 
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